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(57) Abstract 

A particle blast cleaning apparatus (10) 
for use with sublimable blast media, a source 
of compressed gas (38), and a discharge noz- 
zle. The apparatus includes a mixing device 
(50) for nuxing the sublimable media with 
compressed gas, which miring device (501) 
includes a lower section (71) having an outlet 
port (118) formed therein and an upper sec- 
don (74) positioned over the lower section and 
having two sublimable media inlet ports (142, 
143) and a compressed gas inlet port (144). 
A transfer member (73) is mounted between 
the lower section and the upper section for re- 
ciprocal movement and has at least two trans- 
fer chambers (136, 137) for transporting sub- 
limable media. 
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WO 95/08407 

SUBLIMABLE PARTICLE BLAST CLEANING APPARATUS 

CROSS-REFEREE TO RELA T " Fr> APPLICATIONS 
The present application is a wmtinuation-in-part of co-pending Application Serial No. 
08/124,712 filed on September 21, 1993. 

TFCHNTCAL FIELD 
The present invention relates to a particle blast cleaning apparatus and more 
particularly to an apparatus for use with sublimable particles. 

BACKGROUN D OF THE INVENTION 
Particle blast cleaning apparatuses are well known in the art and it is known to use 
various types of blast media, such as ordinary sand, tiny glass beads, walnut shells, peanut 
husks, etc. One difficulty whh these types of media is that the spent media can be difficult 
and time consuming to clean up. 

At least partially due to the difficulty of gathering and disposing of the spent media, 
the ait has turned to the use of sublimable particles as a blast media. Specifically, it has 
become known that carbon dioxide (CO : ) ice (Le., "dry ice") can be used as a blast media. 
Dry ice, being in solid form, acts as a good abrasive media. After being spent during the 
cleaning operation, the dry ice simply evaporates and leaves nothing to be cleaned up other 
than the residue which has been abraded from the surface of the object being cleaned. This 
substantially reduces the task of cleaning up after the blast cleaning operation. Unfortunately, 
dry ice exists at extremely low temperatures, such as below more than -1 00° F. This proves 
to present certain practical difficulties when the extremely cold blast media is used in the blast 
equipment. The dry ice rapidly absorbs heat from the surrounding equipment, thereby 
substantially lowering the temperature of the equipment. This can result in the formation of 
ice condensation on the outside or inside of the equipment and can, through thermal 
contraction, substantially change the dimensions of critical components of a device. 
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5 Various efforts have been made in the art to provide a workable sublimable media 

blast cleaning apparatus. One of the diffi culties encountered in the art is reliably introducing 
or entraining dry ice particles in a fast flowing stream of propellant gas. In general, two 
arrangements are typical in the art. In one arrangement, a rotary pellet transport arrangement 
introduces dry ice pellets into a high pressure gas stream through the use of a discharge 

10 nozzle. Such an arrangement is generally disclosed in U.S. Patent No. 4.617,064 of Moore . 
In a typical rotary arrangement, cavities formed in a rotating member are filled with dry ice 
pellets at a receiving station and transported to the discharge station where they are entrained 
in the propellant gas stream. Another such rotary arrangement is shown in U.S. Patent No. 
4,947,592 of Llovd et aL Rotary-feed devices are particularly prone to "freeze-up", a 

15 phenomenon common in applications involving low temperature dry-ice media, wherein 

thermal contraction and frozen condensate prevent the device's moving parts from operating 
as intended. 

In another type of arrangement known in the art, a plurality of feeder bars move back 
and forth in linear fashion to collect dry ice pellets and transport them from an inlet to an 

20 outlet where they are entrained in the high speed gas flow. Such an arrangement is shown in 
U.S. Patent No. 4,741,181 of Moore. et aL The '181 Moore, et al. arrangement generally 
suffers from having a large number of moving parts, thereby being rather complex. Because 
of the low temperatures attendant upon the use of dry ice. mechanical complexity should be 
avoided in order to maintain good reliability. 

25 In general, among the problems experienced in the art are: (1) maintaining a relatively 

uniform and reliable flow of dry ice particles; (2) evenly mixing the dry ice particles with the 
flow of compressed gas; and (3) providing a device that operates reliably without "freeze up". 
It is to the provision of such an apparatus that overcomes these problems that the present 
invention is primarily directed. 
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5 SUMMARY OF THE INVENTION 

Briefly described, in a preferred form the present invention comprises an apparatus for 
particle blast cleaning, and in particular, for use with sublimable particle media. The 
apparatus includes a hopper for storing and providing a supply of dry ice pellets and a device 
for entraining the dry ice pellets within a compressed gas propellant stream flowing from a 

10 suitable source of compressed gas, such as a compressor, gas supply or vaporized inert 
cryogen. 

The device includes first and second dry ice inlets and a compressed gas inlet. A slide 
bar is mounted for reciprocal movement relative to these dry ice inlets and the compressed 
gas inlet so as to selectively align one of a plurality of transfer chambers formed in the slide 

15 bar with the dry ice inlet ports or the compressed gas inlet port. Preferably, the compressed 
gas inlet port is positioned inbetween the two dry ice inlet ports so that, in operation, as the 
slide bar reciprocates back and forth, a charge of dry ice pellets is entrained in the compressed 
gas each time one of the transfer chambers becomes aligned with the compressed gas inlet 
port. This results in relatively smooth flow of the dry ice pellets, resulting in improved blast 

20 cleaning. 

The apparatus preferably includes pneumatic control circuits which enable the device 
to be switched from "air-only" mode to "air-plus-COrpellets" mode. Pneumatic controls may 
likewise be provided to adjust the stroke speed of the reciprocating slide bar. Control 
pneumatics preferably enable pressure adjustment at both the compressed gas inlet port, and 
25 at the delivery nozzle. The advantage of this arrangement is that it minimizes propellant gas 
consumption and allows for operation of the device through a wide range of propellant gas 
supply pressures. 

The mixing device preferably also includes an improved dynamic seal. Preferably, the 
dynamic seal comprises upper and lower bearing strips placed above and below the slide bar. 
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5 TTiese bearing strips are held snugly against the slide bar by means of a movable upper block 
assembly which is held down by a plurality of air cylinders. The air cylinders tend to gently 
squeeze the bearing strips against the transfer bar, thereby providing good sealing, good 
alignment, and good bearing action. This design also has the advantages of automatically 
compensating for wear in the bearing material, and allowing adjustment of the clamping force, 

10 thus enabling operation over a wide range of operating pressures. 

Preferably, the compressed gas is compressed air. However, in some operating 
environments, nitrogen gas, or other gas, may be cheaper and/or more readily available. 

Accordingly, it is an object of the present invention to provide an improved particle 
blast cleaning apparatus which is simple in construction, durable in use, and economical in 

15 manufacture. 

It is another object of the present invention to provide an improved particle blast 
cleaning apparatus which achieves relatively uniform flow of media. 

It is another object of the present invention to provide an improved particle blast 
cleaning apparatus which is extremely durable in use, despite the relatively rigorous demands 
20 placed upon the apparatus by the use of dry ice as the media. 

These and other objects, advantages, and features of the present invention will 
become apparent to those skilled in the art upon reading the following specification in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 
25 Fig. 1 is a perspective, schematic illustration of a particle, blast cleaning apparatus 

according to a preferred form of the invention. 

Fig. 2 is a perspective, schematic view of a portion of the apparatus of Fig. 1. 
Fig. 3 is a schematic, side elevation view of a portion of the apparatus of Fig. 1. 
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5 Fig. 4A is a schematic, exploded view of a portion of the apparatus of Fig. 1. 

Fig. 4B is a perspective illustration of a portion of the apparatus of Fig. 4A, with the 
portion shown in Fig. 4B illustrated upside down to show additional details. 

Fig. 5 is a schematic illustration of a transfer bar portion of the apparatus of Fig. 1, 
shown in conjunction with a limit valve. 
10 Figs. 6A through 6C are schematic, side elevation views of a portion of the apparatus 

of Fig. 1 depicting one half cycle of movement of the transfer bar portion of the apparatus. 
Fig. 7 is a schematic diagram of the gas-flow and pneumatic control systems of the 
apparatus of Fig. 1. 

DETAILED DESCRIPTION 

15 Referring now in detail to the drawing figures, wherein like reference numerals 

represent like parts throughout the several views, Fig. 1 schematically depicts a blast cleaning 
apparatus 10 for use with sublimable media according to a preferred form of the invention. 
The apparatus 10 preferably can be made on a portable frame, as shown, including ground 
engaging casters, such as casters 1 1, 12, and 13, for supporting a support frame assembly 14 

20 above the ground or the floor. The support frame assembly 14 as depicted preferably can 
include upright stanchions and lateral beams 16, 17, 18, and 19 constructed of rectangular 
steel tubing. Of course, other well-known construction techniques are possible. 

External panels, such as panel 21 and top panel 22, are secured to the support frame 
assembly with suitable fasteners (unshown). These removable panels provide easy access to 
25 the working components of the apparatus 10 for sendee and repair. In Fig. 1, two of the side 
panels and one of the end panels are not illustrated in order to show the details of the 
operative portion of the device. Also not shown is a hinged lid for covering the large hopper 
23, which hopper is provided for storing a suitable quantity of dry ice (solid C0 2 ) pellets. 
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5 The hopper 23 converges to two (2) discharge cones 24 and 26. Dry ice pellets flowing from 
the interior of the hopper 23 through the discharge cones 24 and 26 are fed into the mixing 
apparatus, which will be described in more detail below. 

The apparatus includes two large handles 27 and 28 for moving the apparatus about 
and a recessed control panel 29 positioned in the end panel 21. The control panel 29 includes 

10 a push valve 3 1 for switching between compressed air only and compressed air mixed with 
dry ice pellets. The control panel also includes a main air pressure gauge 32 and a control air 
pressure gauge 33. An on/off switch 34 is centrally located. A rotary valve 37 is provided 
for adjusting the speed of the stroke of air cylinders in the mixing apparatus, thereby 
controlling the rate of pellet discharge. 

15 As depicted in Fig. 1, the apparatus 10 is supplied with compressed.gas from a 

suitable source, such as an air compressor, through a large supply hose 38 connected to the 
apparatus via a coupling 39. After dry ice pellets are entrained in the compressed gas, the 
mixture of compressed gas and dry ice pellets is delivered to an un shown nozzle or gun 
through delivery conduit 41. 

20 The apparatus 10 also includes a mixing device indicated generally at 50. The mixing 

device 50 is mounted to the support frame assembly 14 and positioned beneath the hopper 23. 
The mixing device 50 includes a rectangular platform or support deck 51 extending between 
beam 17 and an unshown beam at the opposite end of support frame assembly 14. The 
platform or deck 51 can be secured to the beam 17 by well known techniques, such as 

25 welding or, as in the case depicted in Fig. 1, by fasteners 52-55. The platform or deck 51. 

may be fabricated from standard structural materials, such as steel or aluminum channel stock. 
The platform 5 1 should be of sufficient rigidity t o withstand the weight and mechanical forces 
imposed by the mixing device without significant deflection. 
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5 A pair of intermediate bolst er blocks or side rails 7 1 and 72 are formed in or 

otherwise secured to the deck 51 and extend generally parallel to each other along a portion 
of the length of the deck 51. By virtue of the intermediate blocks 71 and 72 being spaced 
apart from one another, a channel is formed between them for receiving a transfer bar 73. 
Positioned above the transfer bar 73 and the intermediate blocks 7 1 and 72 is an upper plate 
10 or upper section 74. The upper plate 74 is secured to the deck 5 1 and the intermediate blocks 
71 and 72 by four guide pins, such as guide pins 76, 77, and 78. These guide pins ride in 
close-fitting bores formed in the upper plate 74 and allow the upper plate 74 to be moved up 
and down while maintaining close registration of the upper plate 74 relative to the 
intermediate blocks 71 and 72. The upper plate 74 is urged or biased downwardly toward the 
15 deck 5 1 and the intermediate blocks 7 1 and 72 by four air cylinders, such as air cylinders 79, 
80, 81, and 82. Together, the guide pins and the air cylinders provide part of a dynamic seal 
which will be discussed in more detail later in the specification. 

A pair of dry ice inlet conduits 84 and 86 extend between the discharge cones 24 and 
26 of the hopper 23 and the upper plate 74. A compressed air supply line 87 is coupled to the 
20 upper plate 74 with a coupling 88. 

Two triplets of air pressure relief vents, such as triplet 89, are formed in the upper 
plate 74 for relieving or venting air pressure that may be otherwise trapped in the transfer 
chambers (to be discussed later) in the transfer bar 73. 

A pair of air cylinders 9 1 and 92 (see Fig. 3) are coupled to the ends of the transfer 
25 bar 73 for pulling the transfer bar back and forth in the direction of double-headed direction 
arrow 93 (Fig. 1). Limit valves 94 and 96 are positioned generally adjacent the air cylinders 
9 1 and 92 for detecting the desired ends of the stroke of the transfer bar 73 so as to reverse 
direction. In this regard, it should be understood that the air cylinders 91 and 92 are each 
operated in a "pull" mode only. It is considered that by pulling only with each cylinder, better 
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5 alignment of the transfer bar 73 within its travel path can be obtained, thereby minimizing 
wear and tear on the various components. Alternatively, only one cylinder could be provided 
and operated in a "push-pull" mode. Optionally, one can provide guide rollers (unshown) to 
help keep the transfer bar aligned along the desired path of movement. 

Referring again to Kg. 2, some details of the air supply plumbing will be considered. 

1 0 (A schematic diagram of the air-flow piping and the control pneumatics is shown by Fig. 7.) 
As previously described, the main supply of air to the apparatus 10 is provided through 
supply hose 38 connecting with coupling 39. Internally of the apparatus, this high pressure 
air is communicated through a first hose lOl to a globe valve 102. Output from globe valve 
102 is routed to compressed air supply line 87 which feedsthe mixing device 50 with 

15 compressed air. Push valve 31 operates to switch the device between an "air-only" mode, 
wherein dry ice is not introduced into the mixing device, and the "air-plus-COr^pellets" mode. 
Globe valve 102 is controlled by a pneumatic control line 105. By throttling the incoming 
compressed air to a pressure suitable for feeding the mixing device 50, globe valve 102 
enables the device to operate over a wide range of supply pressures. 

20 Referring again specifically to Fig. 3, the details of the dynamic seal can be more fully 

considered. As previously described, the upper plate 74 is movably located above the deck 
51 and the intermediate blocks 71 and 72 (72 unshown in Fig. 3) by means of guide pins, such 
as guide pins 77 and 78, and clamping air cylinders, such as air cylinders 80 and 8 1. Fig. 3 
further shows the use of sealing strips or bearing strips, such as upper bearing strip 1 1 1 and 

25 lower bearing strip 1 12. These bearing strips 11 1 and 1 12 straddle the transfer bar 73 so that 
as the clamping air cylinders squeeze the upper plate toward the deck 5 1, the bearing strips 
1 1 1 and 1 12 snugly engage the transfer bar 73 to provide a fluid seal. The bearing strips, 
which are subjected to extremely low temperatures in operation of the device, preferably are 
made from self-lubricating material. Preferably, this self-lubricating bearing material is of a 
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5 plastic or composite non-ferrous composition. The transfer bar 73 is specially treated for 
long wear by hard anodized treatment wherein a Teflon® supplementary impregnation is 
provided. The dynamic seal constantly adjusts for dimensional changes in the unit as the 
apparatus goes from ambient temperature to operating temperatures (which are quite low). 
This helps to keep the seal intact and to facilitate the induction of the pellets into the air 
10 stream, while keeping foreign matter out of the operatmg mechamm This results in an 
extremely long-wearing seaL Preferably, pressure supplied to the air cylinders can be 
adjusted or regulated as conditions warrant. See Fig. 7. 

Details ofthe upper bearing strip 1 1 1 and the lower bearing strip 1 1 2 can be seen in 
Fig.4A to Fig : 4A the bearing strips 111 and 112 and the transfer bar 73 are depicted in an 
15 exploded view substantially as in the arrangement in which they are placed in the assembled 
device (whh the exception of these hems being depicted apart from one another). The lower 
strip 1 12 and the upper strip 1 1 1 are in the form of relatively thin rectangular strips of bearing 
material. Bearing strips 1 1 1 and 1 12 may be affixed to upper plate 74 and deck 5 1 
respectively by means of fasteners, adhesives, or preferably by fitting bearing strips 1 1 1 and 
20 112mtomortisedslotsmachinedintoupperplate74anddeck51. A large outlet port 118is 
provided roughly in the middle ofthe bearing strip 112. When the bearing strip 112is 
installed, the outlet port 1 18 is vertically aligned whh the compressed air inlet 87 so that the 
compressed air may be passed through the transfer bar 73 and out through the outlet poit 
118. Four vent grooves 113-1 16 are provided on bearing strip 112 to relieve unwanted 
25 pressure from the transfer chambers (to be discussed later) to facilitate the filling ofthe 
chambers with dry ice pellets. 

Now considering the transfer bar 73, one can see that it is an elongate, substantially 
rectangular cross-section, solid block of material, preferably machined from aluminum and 
then hard coat anodized and Teflon® impregnated. Alternatively, the transfer bar 73 could be 
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5 cylindrical and could ride in a smooth bore. The four longitudinal exterior faces, such as 
. feces 122 and 123, are perpendicular to adjacent ones of each other. The ends, 124 and 125, 
of the transfer bar are chamfered. Alternately, these could be smoothly rounded to avoid a 
sharp edge, such as the sharp edges 126 and 127. Swivel-ended threaded studs 129 and 131 
are threaded into the ends of the transfer bar 73. The ends of these swivel studs are received 

10 in swivel sockets 132 and 133. In turn, these swivel sockets are threaded for receiving the 
piston rods of the air cylinders 91 and 92 (see Fig. 3). 

The transfer bar 73 includes three transfer chambers or transfer passageways 136, 
137, and 138. More transfer chambers could be provided. These passageways extend from 
the upper surface 123 completely through the transfer bar 73 to the opposite face. As is 

15. depicted in Fig. 4 A, these transfer chambers taper from a generally football r shaped or ovoid- 
shaped top to a circular or round-shaped bottom. The advantage of this tapered arrangement 
is that it facilitates the introduction of dry ice pellets into the chamber. In applications where 
extremely gentle blasting is desired, one can eliminate the taper in the transfer bar transfer 
chamber so that only smaller amounts of dry ice pellets are introduced into the transfer 

20 chamber, thereby decreasing the amount of abrasive media delivered. Alternatively, the 

thickness of the transfer bar may be varied to adjust the quantity of dry ice contained by the 
transfer chambers. Looking at the ovoid or footbaD-shaped openings, the minor axis thereof 
closely corresponds to the diameter of the outlet port 1 18 and the inlet port, to be discussed 
below, of the upper bearing strip 1 1 1. 

25 The upper bearing strip 1 1 1, shown in its installed orientation in Fig. 4A, is a thin, 

rectangular strip of bearing material, as previously described. The upper bearing strip 1 1 1 
includes first and second dry ice inlet ports or apertures 142 and 143. A compressed air inlet 
port 144 is positioned between the diy ice inlet ports 142 and 143. The compressed air inlet 
port 144 is provided with a recess or counterbore 146 for receiving an O-ring for sealing the 
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5 compressed air inlet port 144 to theiipper plate 74. The upper bearing strip 1 1 1 is secured to 
the upper plate 74 by fcsteners, adhesive, or preferably by fitting bearing strip 1 1 1 into a 
mortise machined into upper plate 74. Alternatively, the upper and lower bearing strips 111 
and 1 12 can be made to have a T-shape cross section and then secured in T-slots formed in 
the upper plate and in the deck. 

10 The upper bearing strip 111 also includes two triplets 152 and 153 of small air 

pressure relief vents for relieving unwanted pressure from within the transfer chambers 136, 
137, and 138. Also, the upper bearing strip 1 1 1 includes longitudinal pressure relief channels 
156 and 157, and transverse pressure relief channels 140 and 150, formed in the underside 
portion of the upper bearing strip 1 1 1, as depicted in Fig. 4B. In Fig. 4B, the upper bearing 

1 5 strip 1 1 1 is shown turned upside down to reveal the details of the longitudinal and transverse 
pressure relief channels. The channels 148, 150, 156, and 157 vent unwanted pressure from 
the transfer chambers, when the transfer chambers individually are in fluid communication 
with the dry ice inlet pons 142 and 143, by communicating unwanted pressure away from the 
transfer chambers. 

20 Fig. 5 shows the interaction of the limit valves, such as limit valve 96, with the 

transfer bar 73. When the transfer bar 73 moves the desired stroke to the left, a front face of 
the swivel socket 133 contacts a roller 161 of the limit valve 96, thereby moving the roller 
and the arm 162 to which it is attached in the direction of direction arrow 163. This causes 
switch button 164 to be depressed which creates a signal which is used to trigger the shutting 

25 off of air pressure to air cylinder 92 to stop this air cylinder from continuing to pull the 

transfer bar in this direction. At the same time, air pressure is communicated to air cylinder 
91 to cause it to pull the transfer bar in the opposite direction. limit valve 94 (unshown in 
Fig. 5) operates in substantially the same manner to control travel toward air cylinder 91 and 
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5 to reverse the direction yet again. Alternatively, electromagnetic limit switches may be 
substituted for the mechanical switching valves described above. 

Fig. 7 depicts pneumatic control circuits which facilitate the operation of the 
apparatus. For exaiqple, as depicted in Fig. 7, the device may be switched from an "air-only" 
mode to an "air"?!^-^^^^ mode. Also, the pneumatics allow the stroke speed (rate) 

10 of the reciprocating slide bar to be adjusted. Further, the control pneumatics allow 

adjustment of the pressure at both the compressed gas inlet port and the deliveiy nozzle. 
Moreover, pressure supplied to the clamping air cylinders can be regulated. 

Having now described the structural details of the preferred embodiment, attention is 
turned to the operation of the device as depicted in Figs. 6A - 6C. Figs. 6A, 6B, and 6C 

15 show, respectively, the configuration of the mixing device 50 as transfer bar 73 moves from a 
first position to a second position and then to a third position. It is to be understood that in 
operation the transfer bar 73 would then move from the third position back to the second 
position and to the first position to complete the cycle. Thus, Figs. 6A through 6C depict one 
half-cycle of operation of the mixing device 50. 

20 In Fig. 6A, the transfer bar 73 is in its left-most position. In this first position, the 

transfer chambers 136, 137, and 138 are positioned such that transfer chamber 136 is not in 
communication or registration with dry ice inlet conduit 84 or dry ice inlet conduit 86 or 
compressed air supply line 87. Rather, transfer chamber 137 is in registration with dry ice 
inlet conduit 84 for receiving a charge of dry ice pellets, while transfer chamber 138 is in 

25 registration with compressed air supply line 87 and an outlet conduit 186. In this position, a 
charge of dry ice pellets previously loaded into the transfer chamber 138 is entrained in and 
mixed with a blast of compressed air flowing through the compressed air supply line 87 
through the upper plate 74, the transfer bar 73, and out through the deck 51. In this regard, 
the dry ice pellets and the compressed air move in the direction of direction arrow 187. 
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5 Fig. 6B shows the transfer bar 73 in a second position in which transfer chamber 136 

receives a charge of diy ice pellets from diy ice conduit 84, while transfer chamber 137 is 
cleared of dry ice pellets by entraining the dry ice pellets in a blast of compressed air flowing 
from the compressed air supply line 87 through the mixing device 50 and out through the 
outlet 186. Meanwhile, transfer chamber 138 is positioned in registration with dry ice inlet 

10 conduit 86 for receiving a charge of dry ice pellets. 

Referring now to Fig. 6C, a third position in the half-cycle of operation is depicted in 
which the transfer chamber 136 is evacuated of dry ice pellets, while the middle transfer 
chamber 137 receives a fresh charge of diy ice pellets and the remaining transfer chamber 138 
is positioned to neither receive nor discharge dry ice pellets. After this, the transfer bar 73 

15 goes back to the left in the direction of direction arrow 188 so that after the discharge of 

pellets from transfer chamber 136, transfer chambers 137 and 138 are subsequently evacuated 
and the dry ice entrained in the blast of compressed air. This reciprocal motion takes place at 
a controllable rate. The back and forth motion generates heat, despite the self-lubricated 
wear blocks, which helps to keep the device from freezing up (seizing). 

20 It should be readily apparent to those skilled in the art that the air cylinders 91 and 92, 

which are operated in pull only modes, are operated sequentially so that the transfer bar 73 is 
pulled first in one direction and then pulled back in the opposite direction in a repeated 
fashion to provide a reciprocating motion. 

In reviewing the present disclosure, it should be readily apparent to one skilled in the 

25 art that the use of two air cylinders 91 and 92 is not absolutely necessary and that one air 
cylinder can be used instead. Also, while compressed air is normally contemplated as the 
compressed gas, in many situations compressed nitrogen, carbon dioxide, or other readily 
available gas is suitable. 
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5 Those skilled in the art will recognize that the invention according to the present 

disclosure does not require the use of any electrical components, but rather can be operated 
entirely upon pnuematic controls. This is particularly useful in many situations in which a 
source of electricity is not readily available. 

An apparatus according to the present invention also benefits from being simple and 

10 elegant in design. Such ample and elegant design leads to long life and reduced maintenance 
requirements. The present invention also results in a compact apparatus with a durable 
construction. It also requires a minimal number of moving parts, resulting in long life. The 
apparatus is suitable for use with a high energy/low air consumption nozzle arrangement and 
is highly portable for on-site cleaning. The device is easily operated and is economical in 

15 operation, maintenance, and construction. 

While the invention has been disclosed in preferred forms, it will be apparent to those 
skilled in the art that many modifications, additions, and deletions can be made therein 
without departing from the spirit and scope of the invention as set forth in the following 
claims. 
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WHAT IS CLAIMED IS: 

1. A particle blast cleaning apparatus for use with sublimable blast media, a 
source of compressed gas, and a discharge nozzle, said apparatus comprising: 

mixing means for mixing sublimable media with compressed gas, said mixing 

means including: 

' a lower section having an outlet port formed therein; 

an upper section positioned over and spaced apart from said lower section and 
having two sublimable media inlet ports and a compressed gas inlet port aligned with 
said outlet port of said lower section and positioned between said sublimable media 
inlet ports; and 

a reciprocating transfer member mounted between said lower section and said 
upper section for reciprocal movement and having at least two transfer chambers for 
receiving sublimable media from said sublimable media inlet ports and for transporting 
the sublimable media to adjacent said outlet port. 

2. An apparatus as claimed in Claim 1 wherein said transfer chambers are 
generally tapered from a first opening near a top end portion thereof to a smaller, second 
opening near a bottom portion thereof to ease introduction of sublimable media into said 
transfer chambers with said transfer chambers adjacent said inlet ports. 

3. An apparatus as claimed in Claim 1 wherein said transfer chambers are 
generally circular in cross section at a bottom end portion thereof and are generally ovoid 
near a top portion thereof to ease introduction of sublimable media into said transfer 
chambers with said transfer chambers adjacent said inlet ports. 

4. An apparatus as claimed in Claim 1 wherein said reciprocating transfer 
member is slidably located between a first bearing strip and a second bearing strip. 



WO 95/08407 , „ PCT/US94/10504 

1 6 

5. An apparatus as claimed in Claim 4 wherein said first bearing strip and said 
second bearing strip further comprise means for venting pressure from said transfer chambers 
to ease introduction of sublimable media into said transfer chambers. 

6. An apparatus as claimed in Claim 5 wherein said means for venting pressure 
comprises pressure relief ports in said first bearing strip positioned between each of said 
sublimable media inlet ports and said compressed gas inlet port. 

7. An apparatus as claimed in Claim 1 and comprising means for relieving 
pressure in said transfer chambers. 

8. An apparatus as claimed in Claim 1 wherein said first bearing strip and said 
second bearing strip are fixed to said upper section and said lower section by means of 
mortises formed in said upper and lower sections. 

9. An apparatus as claimed in Claim 1 further comprising dynamic seal means for 
providing a fluid seal between said reciprocating transfer member and said lower section and 
between said reciprocating transfer member and said upper section, said dynamic seal means 
comprising guide means for movably locating said upper section relative to said lower section 
to maintain said upper section in a substantially parallel, spaced apart relationship relative to 
said lower section, said dynamic seal means further comprising means for resilently urging 
said upper section towards said lower section. 

10. An apparatus as claimed in Claim 9 wherein said means for resilently urging 
said upper section towards said lower section comprises at least one air cylinder mounted to 
said upper and lower sections for urging said upper and lower sections toward each other. 

11. An apparatus as claimed in Claim 10 further comprising means for regulating 
air pressure supplied to said at least one air cylinder mounted to said upper and lower 
sections. 
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12. An apparatus as claimed in Claim 1 further comprising pressure relief means 
communicating with said transfer chambers for venting pressure in said transfer chambers 
when said transfer chambers are not in alignment whh said compressed gas inlet port. 

13. An apparatus as claimed in Claim 1 further comprising first means for moving 
said reciprocating transfer member in a first direction and second means for moving said 
reciprocating transfer member in a second direcion, opposite said first direction, wherein said 
first and second means for moving comprise air cylinders adapted for pulling only. 

14. An apparatus as claimed in Claim 1 further comprising control means for 
switching between an air-only mode of operation and an air-plus-CO r pellets mode of 
operation. 

15. A particle blast cleaning apparatus for use with sublimable blast media, a 
source of compressed gas, and a discharge nozzle, said apparatus comprising: 

mixing means for mixing sublimable media whh compressed gas, said mixing means 
including: 

a lower section having an outlet port formed therein; 

an upper section positioned over and spaced apart from said lower section and having 
two sublimable media inlet ports and a compressed gas inlet port; 

a reciprocating transfer member mounted between said lower section and said upper 
section for reciprocal movement and having at least two transfer chambers for receiving 
sublimable media from said sublimable media inlet ports and for transporting the sublimable 
media to adjacent said outlet port; and 

pneumatic control means for adjusting the pressure of compressed gas supplied by 
said source of compressed gas to said mixing means. 

16. An apparatus as claimed in Claim 1 5 wherein said reciprocating transfer 
member is slidably located between an upper bearing strip and a lower bearing strip. 
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17. An apparatus as claimed in Claim 1 6 wherein said upper bearing strip and said 
lower bearing strip further comprise means for venting pressure from said transfer chambers. 

18. An apparatus as claimed in Claim 16 wherein said upper bearing strip and said 
lower bearing strip are fixed to said upper section and said lower secion by means of mortises 
formed in said upper and lower sections. 

19. An apparatus as claimed in Claim 1 5 and comprising means for relieving 
pressure in said transfer chambers to facilitate introduction of sublimable media into said 
transfer chambers. 

20. An apparatus as claimed in Claim 1 5 wherein said pneumatic control means 
are operative for switching between an air-only mode of operation and an air-plus- CO^pellet 
mode of operation. 
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